The distribution of Burkholderia pseudomallei in soil collected from four regions of Thailand and the frequency of B. pseudomallei infections in patients attending government hospitals throughout Thailand in 1997 were surveyed. A total of 3,585 soil samples collected from 896 sites in four regions of Thailand were cultured for B. pseudomallei using selective enrichment broth and modified Ashdown's agar. The organism was recovered in 4.4%, 6.1%, 20.4%, and 5.
Thailand has been labeled the main area where melioidosis, which is an infectious disease caused by the gramnegative bacterium Pseudomonas pseudomallei or Burkholderia pseudomallei, is endemic. 1 Infections with B. pseudomallei have been recently reported in foreigners who visited Thailand. 2, 3 However, the risk of acquiring the disease in Thailand varies according to the region of the country because it has been observed that melioidosis is unevenly distributed, with most cases being found in the northeastern part of the country. 4 Since B. pseudomallei is a soil saprophyte and the environment has been suggested as an important source of acquisition of the organism by humans, several attempts to determine the prevalence of B. pseudomallei in the environment have been made. Previous surveys in Thailand found that B. pseudomallei was widely distributed in soil and water, with isolation rates of 30-50% in some areas of the southern peninsula, but the organism was not recovered in the central and the northern regions, and it was rarely isolated in the northeastern region (Finkelstein RA, unpublished data). 5 However, in 1995, Wuthiekanun and others cultured B. pseudomallei from 114 (68%) of 167 sites of soil in northeastern Thailand using selective enrichment broth. 6 These conflicting findings needed to be resolved by conducting concurrent nationwide environmental and clinical epidemiologic studies using the optimum standardized methodology.
The objective of this study was to determine whether there was an association between the distribution of B. pseudomallei in soil collected from all regions of Thailand and the frequency of occurrence of B. pseudomallei infections in patients attending government hospitals throughout the country in 1997.
MATERIALS AND METHODS
Soil sampling. Soil samples were collected every 5-10 km along both sides of the main highways throughout Thailand from August to December 1997. This included the rainy season and winter. The total highway distance covered 5,548 km in 48 provinces. Sampling sites covered 12 provinces in the northern region, 15 provinces in the northeastern region, 13 provinces in the southern region, and eight provinces in the central region of Thailand. A map of the regions and the main highways where the soil samples were collected is shown in Figure 1 . The preferred collection site was a moist area within a rice field. At each site, two soil samples were obtained about 1 meter apart on each side of the road, giving four soil samples per site. To obtain a soil sample, a hole was dug to a depth of approximately 30 cm and soil was removed from the bottom of the hole. Three grams of soil were placed in a tube containing 2 ml of sterile distilled water and the tube was shaken and sent to the microbiology laboratories of Prince of Songkla University, Chiang-Mai University, and Khohkaen University as soon as possible.
Isolation of B. pseudomallei. Soil samples were mixed vigorously and allowed to stand for 30 min to allow sedimentation. Samples (0.5 ml) of supernatant including a small amount of soil were then transferred to selective enrichment broth (threonine-basal salt solution with 20 g/L of colistin [TBSS-C20]). 6, 7 After incubating at 42ЊC for 48 hr, 10 l of surface liquid was cultured on modified Ashdown's agar 6, 7 and incubated at 42ЊC for four days. The culture plates were examined everyday and suspected colonies (wrinkled, violetpurple colonies) were investigated further by biochemical tests. 8 Collection of data on patients infected with B. pseudomallei. The number of patients with B. pseudomallei infection documented by culture in 1997 was recruited from 95 governmental general hospitals, regional hospitals, and university hospitals throughout Thailand. The number of inpatients from these hospitals was also recorded.
Statistical analysis. The data were analyzed by descriptive statistics. Comparisons of categorical data among different regions of Thailand were computed by chi-square statistics. A P Յ 0.05 was considered significant.
RESULTS

Epidemiology of B. pseudomallei in soil.
A total of 3,585 soil samples was collected from 896 sites. The isolation rate Table 1 . The isolation rate of B. pseudomallei from soil samples collected from the northeastern region was significantly higher than those from the other regions (P Ͻ 0.0001). The isolation rates of B. pseudomallei from soil collected from the northern, central, and southern regions of Thailand were not significantly different (P ϭ 0.06). Among the 896 collection sites, the highest isolation rate was also observed in the sites located in the northeastern region (Table 1) , and this rate was significantly higher than those observed in the other three regions (P Ͻ 0.0001). The isolation rates of B. pseudomallei from collection sites in the northern, central, and southern regions of Thailand were not significantly different (P ϭ 0.13). Moreover, the positive isolation frequency of all four soil samples within one particular site occurred only in the sites located in the northeastern region ( Table 2) .
Epidemiology of B. pseudomallei infection in patients. The collective data on patients with B. pseudomallei infection who attended general hospitals, regional hospitals, and university hospitals located in each region of Thailand are shown in Table 3 . The infection rate per 100,000 inpatients observed in the northeastern region (137.9) was significantly higher than those in the northern (18), central (13.4) , and southern (14.4) regions, respectively (P Ͻ 0.0001).
DISCUSSION
This was the first study attempting to survey the distribution of B. pseudomallei in soil nationwide in Thailand using identical optimal culture techniques over the same period. The study sites covered more than 50% of the provinces in Thailand. Four soil samples per study site were collected to minimize the risk of missing the organism by sampling error. Only 35% of the positive sites had more than one positive sample and the sites with more than one positive sample occurred more often in the northeast region, as shown in Table 2 . This observation clearly indicated that there was an uneven distribution of B. pseudomallei in soil within the same site with a distance of only one meter between sample holes. This suggests that the soil in the northeast region harbors B. pseudomallei more frequently than the soil in the other regions. A collection of four soil samples rather than 1-2 samples per site minimized the chance of missing the organism. The possibility of an absence of B. pseudomallei in some negative sites due to the limited number of samples could still exist in this study. However, this possibility should be similarly distributed among all regions and should not be a systematic error leading to more positive sites in one particular region. The reason for the discrepancy in B. pseudomallei distribution in soil between this study and previous studies (Finkelstein RA, unpublished data) 5 was un- clear. The previous studies were conducted at different time periods and they were limited to only some provinces. The discrepancy could be due to the differences in specimen collection, isolation and identification techniques, or to ecologic factors influencing the environmental presence of B. pseudomallei. 9 However, a seasonal variation should not be a major determinant because B. pseudomallei could still be recovered from soil even during the dry season. 6, 10 The positive culture rate of 50% of the sites in the northeast region observed in this study was comparable with that of 68% reported by Wuthiekanun and others, 6 given the fact that their data were derived from only one small area highly endemic for melioidosis in the northeast region whereas our data included sites all over the northeast region. A survey of B. pseudomallei in soil and water in southern China showed that the organism was present in 4.2% of the samples. 11 This figure is similar to our isolation rate of 4.4% in the northern region of Thailand, which is close to southern China, as depicted in Figure 1 .
The number of patients infected with B. pseudomallei reported in this study should be considered a minimum. Clinicians will order microbiologic cultures only when the microbiology laboratory is available and serious infections are suspected. Most of the patients with bacterial infections in Thailand are not investigated by microbiologic procedures but are given empiric antibiotic therapy instead. All cases with positive cultures for B. pseudomallei are considered to be infected cases since there has been no observation of colonization with this organism in humans. Failure to recognize this organism by inexperienced personnel in microbiology laboratories should not be an important factor contributing to the uneven distribution of melioidosis cases in different regions because the findings of fewer cases were found in the university hospitals located in the northern, central, and southern regions of Thailand, as well as in general and regional hospitals. These university hospitals have experienced personnel in their microbiology laboratories. Moreover, 50% of the hospitals in the northern, central, and southern regions reported at least one case of melioidosis. Therefore, these hospitals should be able to identify this organism. In addition, the Department of Medical Sciences of the Ministry of Public Health periodically tests the proficiency of microbiology laboratories in all government hospitals and B. pseudomallei has been used as a test organism. It should be mentioned that the cases reported from the northern, central and southern regions may not have been local people who contracted the disease within the region but might have been patients migrating from the northeast region since it is very common for northeastern workers to work in other regions of the country. The disease may have been reactivated in them. Infection rates for B. pseudomallei reported from university hospitals (two university hospitals in the central region and one university hospital each in the northern, northeastern, and southern regions) tended to be higher than those from general and regional hospitals in the same regions. This observation is due to the fact that university hospitals in Thailand are tertiary care centers and the patients with serious or complicated diseases are usually referred to university hospitals.
It is clear from this study that the burdens of B. pseudomallei infections and B. pseudomallei in the environment are greater in the northeastern region of Thailand (Table 4 ). We also demonstrated that the occurrence of B. pseudomallei infections in the different regions of Thailand corresponded with the distribution of B. pseudomallei in the soil. Based upon the findings of this study, the paucity of cases of melioidosis occurring in the northern, central, and southern regions of Thailand could be explained by a lower prevalence of B. pseudomallei in soil when compared with that in the northeastern region. However, B. pseudomallei was isolated from all four regions of Thailand at different frequencies. Therefore, other possible factors influencing an uneven distribution of clinical melioidosis within Thailand may be important. These include differences in the density of B. pseudomallei in the environment or differences in phenotypes and genotypes of B. pseudomallei, leading to differences in virulence of the local strains of this organism.
Smith and others performed quantitative cultures for B. pseudomallei in culture-positive soil samples collected from the central and northeast regions of Thailand and found that the number of B. pseudomallei colony-forming units in soil was significantly higher in the northeast region than in the central region. 12 Environmental isolates and clinical isolates have been observed to have differences in ribotyping profiles. 13 It was also found that there was a difference in biochemical phenotype between clinical isolates and soil isolates, i.e., none of the clinical isolates could assimilate arabinose whereas 52% of the soil isolates did so. 14 Moreover, there was significant geographic variation within the soil group; all central region isolates assimilated arabinose but only 25% of the northeastern isolates did so. Isolates from both human and soil sources had similar antibiotic susceptibility profiles and were also recognized by a specific polyclonal antibody against B. pseudomallei. Smith and others demonstrated that arabinose-positive strains of B. pseudomallei were less virulent than arabinose-negative strains. 15 Brett and others recently reported that some environmental isolates, although phenotypically similar to B. pseudomallei, demonstrated significant differences in exoenzyme production, hamster virulence, and 16S rRNA gene sequences when compared with clinical isolates. 16 To confirm that the aforementioned factors contribute to an uneven distribution of melioidosis and B. pseudomallei in soil in Thailand, studies comparing the 400 B. pseudomallei isolates from soil derived from this survey with 300 clinical isolates recovered from patients throughout Thailand in 1997 are being conducted. It is hoped that the information obtained from these isolates will be more meaningful since they have been collected from all regions of Thailand.
